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Yoday science is loo serious a matter to be left to the scientist .. ~ 
The consequences of his work must be interpreted to his fellow 


men, and decisions on its 


] TAYE 


shosen us the subject of my lec- 
ture “Science, Government, and Indus- 
try” becuuse [| believe that the proper 
direction of scientific effort and the proper 
application of the results of such effort is 
ane of the most important challenges of 
It seems to be typical of any 
postwar period that fundamental matters 
under fresh scrutiny and fearless 
examination, and it is surely a good thing 
that this should be se. Stimulated by the 
realization of the miagnifieant services 
rendered by scientists in support of the 
allied forces during the war, science and its 
consequences tiave become a matter of 
interest to the ordinary citizen. Tt is no 
vew thing to the thoughtful mind that 
seience has practical and social conse- 
quences, What is new is that the general 
public is now sharply aware of them. Asa 
prominent newspaper man recently ex- 
pressed it to me, “Science is news, as never 
before.” 

Now [ think it can be said that this 
awakening to the importance of scientific 
work on the part of the publie has been 
duc in large measure to the fact that, dur- 
ing war, cvents move fast, and the four 
stages of research, development, produc- 
tion, and use follow so rapidly on the heels 
of one another that the practical conse- 
quence of scientific effort is clear for ail 
tosee. The public has naturally concluded 
that if science can solve so many of the 
problems of wartime, it should play a simi- 
lar role in solving the problems of peace. 
The problems that confront us now are, 
in an ultimate analysis, the provision of 
work, homes, food, health, and safety-— 
safety from aggression—for all; and these 
problems depend for their solution on the 
maintenance, in some degree, of the same 
kind of partnership between government, 
science, and industry which grew up dur- 
ing the war. It is to some aspects of this 
partnership that [ want to invite your at- 
tention. 

But [ feel I ought, at the outset, to say 
that any conclusions I may put before 
you are necessarily drawn from my ex- 
perience in Britain. It would be im- 
proper, even if I were well informed on the 
subject, and that is certainly not the case, 
for me to comment on the American scene. 
Nevertheless, [ feel that much that I have 
to say, particularly concerning the scien- 
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tist himself as distinet from the organiza- 
tion of which he is part, may well be ap- 
pleable in both your country and mine. 

Now EF think it is helpful in approaching 
the problem of the future to cast a brief 
glance at the war years which have just 
passed, for I feel that we can draw certain 
lessons from that experience. In Britain 
the whole of our scientific manpower was 
registered and debarred from entering the 
armed forees without special permission, 
in 1939. There was thus a reservoir of 
trained people for recruitment to the re- 
search establistiments serving the Navy, 
Army, Air Force, and Civil Defense or- 
ganizations, But even then the recruit- 
ment did not take place indiscriminately. 
The general policy adopted was not to re- 
eruit men from industrial research teams. 
These teams were left practically intact. 
But in the case of university workers, who 
ure generally more accustomed to work 
singly or in small groups, an opposite 
policy was adopted. The result was that, 
the research establishments of the services 
were strengthened by the addition of many 
brilliant minds from the universities while 
the research teams in industry were ready 
to attack, as composite units, the problems 
allotted to them. 

Now one of the most striking results of 
our wartime experience has been the bril- 
liant university research 


success of our 


workers in solving war problems entirely 
remote from their peacetime interests. 
Various reasons have been advanced for 
their success. It has been pointed out 
that they had fresh minds. It has «also 
been stated that in approaching a difficult 
task “they didn’t know it couldn’t be 
done.” Tt has further been elaimed that 
they had a better background of funda- 
mental principles than the majority of 
those with whom they worked. I do not 
profess to be able to assign the result to 
any one of these causes. But what can- 
not be doubted is that university condi- 
tions certainly do, somehow, generally 
ensure the maintenance of mental adven- 
turousness and lively imagination so neces- 
sary for scientifie progress. 
Another deduction I make from our 
rartime experience is that the most su 
sful applications of seience have re- 
sulted from the closest possible collabora- 
tion between the scientist and the military 
stafi—that is to say, between the, “pro- 
vider” and the “user.” Your great nuval 
writer Rear Admiral A. T. Mahan, once 
drew attention to the long period which 
used to elapse between changes of weapons 
und the consequent changes of tactics. 
He attributed this lag to “the inertia of a 
conservative class.” Fortunately we can 
be satisfied that in the war that has just 
ended such gaps have not been unduly 
long. This has been due not only to the 
close collaboration between scientist and 
serviceman but also to the fact that in 
many cases scientists have assisted their 
service colleagues in working out plans 
for the use of new weapons and have been 
able to make post-mortem analysis of op- 
erational results whereby to check these 
plans. Indeed it has been realized that 
the field in which the scientist can use- 
fully operate extends far beyond that of 
the laboratory. 


Many Avenues Sidestepped 


My third comment on our wartime ex- 
perience relates to subject matter, We 
have seen a mighty effort resulting in out- 
standing developments in weapons and in- 
struments, culminating in the atomic 
bomb. By no means all this effort has 
been wasted, even if judged solely by its 
peacetime scientific interest and impor- 
tance. But in this intensive drive many in- 
viting scientific avenues have had to be 
just noticed and passed by. When funda- 
mental work has had to be done, as in the 
case of nuclear physics or in radio wave 
propagation, it has necessarily had to be 
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objective in character and relevant to the 
mujor target. What J may call free funcdsa- 
mental work—free in the sense that it 
selection is dictated salely by man’s curi- 
osity—has been almost wholly in abey- 
We cannot recognize the return of 
peace in any better way than by changing 
all that. We have in many fields been 
living on our scientifie capital which now 
stands urgently in need of replenishment. 
For this purpose the British Government 
has , for the time 
being, as regards the release of scientific 
staff from Government service in the fol- 
Jowing order: 

J. Univer: 
search. 

2. Civil science, government and in- 
dustrial. 

3. Delense science. 

You will see in this a complete reversal 
of the priorities which obtained in war- 
time. 


unee. 


et its own privritics 


ties and fundamental re- 


Civil Science 

Jn tuming new to the future we note 
that, us in most countri¢s, scientific re- 
search in Britain is in the main carried 
out by three types of organizations which 
differ somewhat in motives and objectives. 
These three organizations are: 

a. Universities and like institutions 
carrying out what [ shall call free funda- 
mental wsearch, for the purpose of ¢ 
tending the endless frontiers of knowledge, 
if I may use the graphie expression of 
Vannevar Bush. This type of research, 
the resull of intellectual curiosity and the 
love of truth for its own sake, is carried 
out without regard to any immediate or 
future useful application. 

b. Government establishments carry- 
ing oul what I may eall objective funda- 
mental research and also applied research. 
By objective fundamental research I mean 
research designed to give insight and 
understanding rather than any special 
immediate practient result. It is called 
objective because it is relevant to some 
field of practical importance. 

Industrial research laboratories 
ing out mainly applicd research but 
namount 
of objective fundamental research, 

But Ido want to emphasize here that 
there is no sharp differentiation between 
my divisions into (ai free fundamental, 
(b) objective fundamental, and (c) ap- 
plied, research. However, Ido find them a 
more convenient classification than thu 
older division into “pure” and ‘“‘applied” 
researeh which always had, to my mind, 
ihe suggestion of snobbishness about it. 
A certain mathematician once stated that 
‘Bessel functions are beautiful functions 
in spite of their many applications,” and 
I well remember hearing a British scientist 
boast that he could claim that what he 
had done could never be the slightest use 
to anybody. It turned out to be an idle 
boast, aswe might have expected. His work 
has become of great practical importance. 
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University Science 


It ix a remarkable fact that university 
scientific research is of relatively modern 
growth. Scientific research, as we know it 
today, began in the seventeenth century 
when the experimental method replaced 
the method of ex-eathedra statement or 
argument hy which, sinee the Middle 
Ages, man had endeavored to find truth. 
The scientific method of inquiring by ob- 
servation, theory, and experiment has 
often been attributed to Francis Bacon, 
though my own view is that William Gil- 
bert, the physician of Queen Flizabeth 
and fellow of my own college, St. John’s 
at Cambridge, has a stronger claim to be 
eounted its author. But the teaching of 
the experimental method did not form part 
of the university curriculum in the seven- 
teenth and eighteenth centuries, and Inho- 
ratovies did not form part of university 
equipment. Eurly in the nineteenth cen- 
tury, however, teaching laboratories for 
seience were instituted and research he- 
came a spare-time activity of professors 
and lecturers. From small beginnings this 
has developed till it is new an accepted 
part of university tradition that teachers 
of scientific knowlodge should also advance 
that knowledge. It is moreover important 
to note that, though carried out ina spirit 
of pure inquiry, this free fundamental re- 
search has shown a surprising capacity for 
being useful. 

Then we also look to our universities 
not only to make science but to train 
makers of science, We look to them for 
the supply of trained seientifie workers 
who will later oceupy positions in uni- 


versity, government, and industrial labo- 
torie: We find that this training in re 


rch is best accomplished by a senior 


arch worker acting as sup or toa 
group of research students which should 
not be lurge. 

We must never forget the outstanding 
importance of the exceptional man in this 
Most of the really great ad- 
Vvanees in science have been accornplished 
by small teams of workers of this kind led 
by a man with ideas. As one concerned, 
to some extent, with the organization and 
support of science in Britain, [ believe 
that a vital task is to see that these lead- 
ers, these men with ideas and inspiration, 
lack neither disciples, as ants, nor equip- 
ment, When such needs have been satis- 
fied they should be left alom 


respect. 


Government Science 


T new tarn to government research. 
Even apart from defense research, govern- 
ment in Creat Britain conducts a great 
deal that perhaps you would regard as 
being primarily the responsibility of indus- 
try or other bodies. Here we clefinitely 
enter the utilitarian field. 

Though their object was in the main the 
satisfaction of their disinterested in- 
tellectual curiosity, the natural philose- 
phers of the seventeenth century ea 
recognized that the results of their experi- 
ments could lead to important applica- 
tions. Not only did they appreciate the 


importance of what Bacon ealled experi- 
menta lucifera—experiments of light, which 
iNuminate our knowledge of the nature of 
things—but they also appreciated what he 


| A wnien Dehon Little, 1863-1935, was 
| most widely known as a pioneer in the 
| application of science to industry. 
Hl Ile was a mem- 
ber of the class 
of 1885 at the 
Massachusetts 
Institute of 
Technology. 
Following 2 
brief period in 
the paper indus- 
try, Dr. Little 


! opened a com- 
| mercial chemical laboratory in Boston. 
| By 1917 this venture had become a 
model industrial research laboratory, 
the home of Arthur D. Little, Ine., 
:. “dedicated to industrial progress.”’ 

t Dr. Little’s interest in the education 


vanced study of chemical technology 
ied to the inauguration of the Research 
Laboratory of Applied Chemistry and 
the Chemical Engineering Practice 
School at MIT. 

He was president of the AmsRicaNn 
Cuemicay Sociery for two terms, 
1912 and 1913; president of the Ameri- 


can Institute of Chemical Engineers, 
1919, and president of the British Soci- | 
ety of Chemical Industry, 1928. In 
1929 Dr. Little received the degree of 
doctor of science from the University 
of Manchester; in 1031 he wasawarded | 
the Perkin Medal. 

The Arthur Dehon Little Memorial 
Lectureship was established at MIT in 
1944, less than ten yeurs after Dr. | 
Little’s death. However, because of 
wartime dislocations, the first lecture 
delivered only last fall. In line | 
with the purpose of the lectureship to 
promote interest in and stimulate dis- 
eussion of the social implications in- 4 
herent in the development of science. 
Sir Edward V. Appleton, K.C.B., 
F.RS., secretary to Great Britain’: 
Department of Scientifie and Industrial 
Research, was invited to deliver the 
inaugural leeture. 

Sir Edward has cited a tribute paid 
to Dr. Little that perhaps epitomizes 
his life: “A genuine leader in the pres- 
ervation and advancement of that or-  j 
ganized body of knowledge which we 
know as Science . . . one who pursued 
science with true dignity.” 


1 
and training of young men in the ad- 
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euled experimenta fructifera, experiments 
of fruit, which yielded knowledge which 
could be applied, ax Bacon pointed out, to 
extend the empire of man and to ameliorate 
the condition of man which he regarded 
as wretched. In his “New Atlantis” 
Bacon dexcribed what he calls Solomon's 
House, a kind of national research labora- 
tory whieh had the object of arriving at 
“the knowledwe of cuuses, the secret mo- 
tions of things, and the enlarging of the 
bounds of human empire, to the effecting 
of all things possible.” You will be in- 
terested to note that of the staff for this 
national laboratory he writes: “We have 
three that try new experiments such as 
themselves think good. These we call 
pioneers. We have three that bend them- 
selves, looking into the experiments of 
their fellows and cast about how to draw 
out of them things of use and practice for 
muun’s life and knowledge. These we call 
benefactors. Lastly we have three that 
raise the former discoveries by expert- 
ments into greater observations, axioms, 
and aphorisms. These we call interpre- 


Somewhat later the scholarly Boyle, 
too, discoursed largely on the “usefulness. 
of the experimental natural philosophy” 
pointing out the usefulness of mechanical 
disciplines to natural philosophy and how 
the goods of mankind may be increased 
by the naturali insight into trades, and 
of doing by physical knowledge what is 
wont to require manual skill. 

The close of the eighteenth century 
brought from America to Great Britain 
and Europe that singularly gifted secre- 
tary, general, and statesman, Benjamin 
Thomson Count Rumford who, while 
tiakiog several paruay scientific discoveries 
of the highest importance, found practi- 
eally the whole of the inspiration of his 
scientific work in his desire to use science 
to improve the living conditions of the 
commen people. He was, T think, the 
first, conscientiously and deliberately, to 
use science as a means of increasing health, 
huppiness, and comfort of his fellow man. 


Science Once 
Merely a Curiosity” 

Very little was heard in the nineteenth 
eentury of the possibly useful applications 
of science, which was still studied in the 
main for its pure intellectual interest. 
recently, however, came across a most. 
interesting article written in the Fort- 
nightly Review in 1873 in which the author, 
George Gore, F.K.8., points out that 
scientific research is the only source of 
the new knowledge which is indispensable 
to national progres As he says, ‘With- 
out new knowledge the thoughts of men 
run in circles and intellectual and ma- 
teria] progress ceases.’" 

After calling attention to what he calls 
the deplorable lack of support given to 
fundamental scientifie research, he pro- 
posed that there should be formed state 
laboratories for original research. In the 


2424 


course of his article he quotes a number of 
examples of what we would now call gaps 
in our fundamental knowledge and also a 
number of scientifie problems whese solu- 
tion he claims weuld be of great value to 
industry. 

Many of the preblems he mentions have 
now been solved. In his suggestion for 
state huboratories he is somewhat troubled 
in Lis mind about the need to ensure that, 
with no set dutics beyond instruction to 
varry out research, a man would not. be- 
come idle. His ideas would raise a smile 
in these days for he writes: ‘Men who 
had previously exercised the degree of 
self-sacrifice necessary to muke a number 
of long and difficult experimental re- 
searches, with only very limited pecuniary 
means, must necessarily be pussessed cf 
great enthusiusm in thelr calling, and 
would therefore be extremely unlikely per- 
sons to become idle by being supplied with 
a sufficiency only of means to earry on 
their labors, But in order to exclude with 
certainty those who might hereafter devote 
themselves to research solely ov primarily 
for the purpose of obtaining a well-paid 
appointment, and to insure in abl cw 
reasonable continuance of industry, it 
would be necessary, that whilst the sala- 
ries paid should be sufficient to render the 
professors free from care, if expended with 
a reasonable degree of economy, they 
should not be so large as to conduce tu 
idluncss.”" 

Very little notice seems to have been 
paid to these advocates of state assistance 
in the prosecution of research for the na- 
tional benefit in Great Britain until, in 
1900, the National Physical Laboratury 
was founded with government assistance, 


a 


Science in World War I 


Tt required the impact of the first World 
War, however, seriously to uwaken the 
British Government to the necessity sor 
state action in regard to scientific rescarch 
and, as a result, in 1915 the Department 
ef Scientific and Industrial Research was 
established as 2 separate Department of 
State, under the Lord President of the 
Council who is advised by an advisory 
eouncil, The Department of Scientific 
and Industrial Rescarch is not, of course, 
concerned with the whole field of science, 
Agricultural research and medical re: th 
are dealt with by sister organizations, also 
under the Lord President. There are 
naturally, scientific experts in the minis- 
tries responsible for defense, trade, food, 
health, fuel, transport, and so on, so that, 
very wisely T think, there has been no at- 
tempt to confine scientific knowledge to 
one ministry alone, since it has to be ap- 
plied by many. 

The major part of government civil re- 
search in the sphere of physical, chemical, 
and industrial interest is, however, cen- 
tered in a group of ten research organiza- 
tions under the Department of Scientific 
and Industrial Research (DSIR) through 


which we try to provide a central scientific 
service for the executive departmients of 
government and also to carry out research 
on matters of common interest to industry 
and to the community as a whole. That 
is the first function of the department. 
Our second is the encouragement of re- 
search by industry itself, and more di- 
rectly by fostering the formation of co- 
operative research associations, of which I 
shall have more to say later. Thirdly we 
assist, by means of grants, free fundamen- 
tal research of timeliness and promise in 
universities in Great Lritain, and we en- 
deavor to provide an adequate supply of 
trained research workers by means of 
maintenance allowances. 


British Research 


But before I mention further details of 
the department’s activities I would like 
to draw your attention too to the special 
position allotted by our founders to the 
advisory council which advises the Lord 
President on all the departinent’s research 
activities and expenditure. At present 
this expenditure is running at the rate of 
£3,000,000 per year. The advisory coun- 
cil is composed of men who have an expert 
knowledge of svicnce or of industry and 
who serve in their purely personal capacity 
and not as representatives of any par~ 
ticular organizations to which they belong. 
It was, when first lormed, one of the first 
bodies ecompozad of men outside govern- 
ment to advise on policy for implementa- 
tion inside government. —Indivichual mem- 
bers of the wlvisory council retire after 
five years’ service. 

Tn addition lo the advisory council we 
have a research board or committee to 
advise on the work on each of our research 
organizations. Each board or committee 
is, again, composed of independeut mem- 
bers who are chosen by the Lord Presi- 
dent for their special knowledge and ex- 
perience. Thus, by way of our various 
advisory bodies, our university and indus- 
trial scientists and our industrial leaders 
exercise a direct influence on the activities 
of the department. 

J now turn to say a word or two about 
our own ten research establishments. The 
| of the department’s stations is as 
National Physical Laboratory, 
Building Research Station, Chemical Re- 
seareh Laboratory, Food Investigation 
Organization (dealing with the storage 
and preservation of food), Forest Products 
Research Laboratory, Fuel Research Sta- 
tion, Geological Survey, Pest Infestation 
of Stored Products, Road Research Labo- 
ratory, and Water Pollution Research 
Laboratory. 

Now [ think it is important to note that 
our research stations, which scek to ad- 
vance knowledge of community” interest, 
are differentiated according to objectives. 
The staff of cach of the stations is consti- 
tuted as a balanced team of physicists, 
chemists, engineers, architects, biologists, 
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and others according to the objective of 
the station. In addition, there are three 
stations organized subjectively, the Na- 
tional Physical Laboratory, by far the 
largest station of the departinent, the 
Geological Survey, and the Chemical Re- 
search Laboratory. In addition to work 
on their own extensive program, these or- 
ganizations naturally give specialist serv- 
ices to all the other stations in their own 
subjects. 

As I think I have made clear already, 
the Department of Scientific and Indus- 
trial Research is not an executive depart- 
ment of state. It provides a central scien- 
tifie service for all possible go.ernmment 
and industrial users of its knowledge and 
results. 


Role of Government 


Now in considering the applications of 
science we must note the changing func- 
tion of government. In Graham Wallas’s 
famous phrase, it ‘thas come to be engaged 
not merely in preventing wrong things 
from being done, but in bringing it about 
that the right things shall be done.” In 
discharging this most positive function we 
find that, to an increasing extent, science 
is being used as part basis for the formu- 
lation of government policy. A very in- 
teresting problem of organization there- 
fore arises. We desire scientific knowl- 
edge to permeate the executive depart- 
ments. How far, then, can a central 
scientific department serve these execu- 
tive departments, and in what way should 
its service be supplemented by scientific 
staff and scientific work within the execu- 
tive departments themselves? I do not 
pretend to be able to give, in answer to 
these questions, a simple formula which 
would be applicable to all cases. But quite 
extreme views lave been expressed in 
Britain on this subject. It has been ar- 
gued by some that all science should be 
made in a central scientific department 
und none in the executive departments. 
It has been correspondingly argued by 
others that each executive department 
should have sufficient scientific staff to 
make all the science which it needs in the 
discharge of its own responsibilities. The 
latter answer seems to me to overlook the 
need for economy of scientific effort. Be- 
enuse the police need wireless, as do so 
many other civilian and military services, 
there seems no case for the home office to 
set up its own radio research unit if it can 
be equally wel] served by a central radio re- 
scarch organization. Correspondingly, 
there is no need for the Ministry of Health, 
which is responsible for our pure water 
supply, and the Ministry of Fuel and 
Power, which is responsible for our mining 
development, both having their own geo- 
logical survey units. So I would argue 
that there are weighty economic reasons 
for the use of some, even if not all, com- 
mon scientific services. 

But, granted that there are some central 
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scientific services, how can we ensure that 
their work can be effective in the execu- 
tive departments? It scems to me en- 
tircly unfair to expect the normal adminis- 
trative staff of such departments to play 
the full rele of “user” in this connection. 

One solution of this difficulty is the ap- 
pointment of a scientific adviser in each 
executive department, who can (a) iden- 
tify the problems within his department 
which are suitable for scientific treatment: 
(b) see that these problems are passed to 
the appropriate research bodies able to 
solve them; and (c) interpret the incom- 
ing scientific material for the special pur- 
pose of his department. But I should 
stress that for such a scientific adviser to 
be effective it is necessary that be should 
be sufficiently senior in the department 
hierarchy. His advice should be tendered 
to the highest Ilevel—the level at which 
policy is decided. 

I have so far stressed the value of the 
work of DSIR te government and, through 
government, to the community. But 
there is also another link with the com- 
munity, and that is through industry. In 
this connection the department serves 
industry chiefly by conducting research 
on generie fundamental problems on the 
basis of which industry itself can make 
applications. The greater part of this re- 
search is what J called cbjective funda- 
mental research. In this case the main 
quest is understanding. Here the scien- 
tist seeks physical or chemical insight, and 
even atomic insight, into certain fields of 
practical importance. This may relate to 
the corrosion of metals, the oxidation of 
fats, the toughness of meat, the warping 
of wood, the electronic changes in the 
ionosphere, andso on, Armed with under- 
standing, many practical problems are 
relatively easily solved. Very often a 
basic attack of this kind is the mast fruit- 
ful and shortest route to the solution of a 
problem of practical importanee. Also, 
very often quite unexpected and unsought 
applications are thrown up as by-products 
of such fundamental research. 


Industriai Research 


Industrial research is conducted in 
Britain by private firms and by the in- 
dustrial research associations. The larger 
firms, to an increasing extent, have their 
own laboratories, some of which arc com- 
parable in size and scope to the larger 
government research laboratories. But 
these laboratories exist: mainly in the newer 
industrics which were, in any case, born 
nnd bred on science and to whom scientific 
research is the life blood. In many cascs 
such firms carry out not only applied re- 
search but also objective fundamental re- 
search relevant to their own interests. 
They are, of course, at liberty to keep the 
results of their scientific work to them- 
selyes, but in general they follow an en- 
lightened policy and their staffs are im- 
portant contributors to the world’s scien 
tific literature. 
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With a view to stimulerting research ‘hy 
private firms the British Government cha~ 
recenthy imtroeduted cert=in fiscal ¢luniges 
For many years now it Saas heen possibile 
for a “trader” to count cunent revenue 
expenditure on scientific teseurcbh -umder- 
taken in relation to his—trade as a deduce 
tion in computing profits Tor neome tex 
pur). s. But as from April -6, 1846, 
provision has been amude wherelsy cupite! 
as distinct from exiurrert, expenditur 
allowable for incumze tus purposes ‘hy favre 
equal annual instal merts. Yor this pur 
pose capital expenclitue amay reélite, snr, 
to the building of seseurcth luboratories ior 
the installation of zpilot mlants. 


Encouraging Resear 
of Industrial Firrzes 


But in considering industriel research 
in Great Britain, we-aresat once Tace b 
the fact that over $S%0F ourfimms-empyiloy 
Jess than a bundred woorkers, 80 tthuct wh 
though it is admitted thert research whens 
pays a dividend if -voud o -enowsth af it, te 
asinall firm withorrt considerable finaucis) 
reserves industrial resezarch op its cow 
account must offer -appesur ova Tikky 1d 
venture and beyond its mews. his -dn- 
ficutty has heen mst to = -eamsiderable ex 
vent by DSIR which is charged with the 
duty of encouraging rearch in industry. 

The min method Is- which we ! 
done this is by the forzaution of ff 
associations each om -atcroperstive tbasis to 
serve the needs GF gurticular Industries. 
These research ass 
governing bodies Tormed om <a mmtionul 
hasis, financed maimiy tre thecontributions 
of their member firms “but surported ¢ 
substantial grams frox the TOSI, sie 
size of which js related to the :amount= 
taised by the industries themselves 

There are mow “35 or amore-of these re 
search associstionss :and their expenditure 
on research is meearings O0;9R0 qver 
year, having risen from a Littl over 
£250,000 in 1934 to £50,000 Sjust treiare 
the war. I should not be mid) surprised 
myself to see this Sgureamorethan doutiled 
in the next Tew years. 

The industries coved thy reseurdh: us 
sociations include sron sand stecl, cast iron, 
nonferrous metals, wdGimg, wll the textile 
industries—linen, woil, cotton, sik 
now rayon—liundry 
boots and shoes, che ciectriuil industries, 
paper, printing amd packaging, :actome 
biles, rubber, paint, ood processing, ean 
fectionery, interms] combustion :engines, 
and shipbuilding. In (She past Six months 
it has hardiy beem possible to keep quce 
with the new Tescaucch -associstians, se 
quickly are they ‘ben formed. -Ammeme 
these newer ones -are maadline ttodls, ms- 
tine turbines, jute, ‘biting, and Feb. 

For a -very modest contribution, less 
than the cost of .a single jumior reseerdh 
worker, 4 small fim is enabled iby Sonn 
a research ‘assotwction t+0 share on research 
costing thousand= of pounds, and tim sume 
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cases hundreds of thoussnds a year. Lhe 
researvh associations also keep their mem- 
bers informed on scientific and technical 
developments throughout the world, pro- 
vide them with advice on their day-tu-day 
problems, and ensure that the industry as 
a whole has an opportunity of receiving 
early knowledge of developments likely 
to affect the future of their industry. 

Ove thing which bani afraid tended to 
hinder the growth of cooperative research 
in the past was the rather touching belief 
of many firms that they poss 
edge and trade secrets which were un- 
known to their competitors, and that this 
might be revealed if they collaborated in 
research. The manner in which firms had 
to work together in the war has done much 
to destroy this fear. An interesting side 
light on this matter are the remarks of the 
managing director of one of our leading 
aireraft firms. He said: “When the war 
began we thought that we knew a great 
cleal more than our competitors, but when 
we were forced to share our knowledge 
with them we found they knew about just 
as much as we did and that the gaps in 
their knowledge and ours were about the 
same. What surprised us all still more 
was that when we hud to share our knowl- 
edge with our American allies we again 
found that the gaps in their knowledge 
and ours were just about the same.” 


sed knowl- 


Conclusion 


Perhaps I may be permitted to devote 
the last section of my discourse to pe 
views rather than to factual matte 
strongly believe that the scientific Lif 
should be one of intellectual adventur 
It seems to me that this can charw 
it whatever its objective. We must recog- 
nize and encourage the enthusiasm of the 
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th as well as the attainment of the ob- 
jective. Lalso want to break down the old 
false barrier between the so-called pare 
and applied divisions of science, for the 
whole field seems to me essentially one and 
its parts are interdependent. We are 
sometimes sufficiently aware of possible 
practical applications not too far distant 
forsuch recognition to influence our choice 
of subject. But we must beware of too 
much restriction of the scientific front. 
Man is not all-prescient; und nature has 
miiny surprises. 

As to the scientist himself, I believe 
that he should serve, and not, dictate to, 
mankind, But he has the important dual 
mission not only of uncovering nature, but 
also of interpreting it to his fellow men. 
Then, the consequences of scientific of- 
fort being understood by the community, 
any vital decisions on use must be taken 
together. Science is too serious a matter 
to be left to the scientists, 

But here J am bound to confess that I 
sce a certain danger, at any rate in my own 
countr, T cannot but feel that there is a 
tendency in our educational system for 
scientific specialization to be introduced 
too soon. A scientific man should also 
he the complete “citizen of the world.” 
He should not only be fit to live, but also 
fit to dive uvth. ‘Phis can only be brought 
about if his later specialized training is 
based, and continues to be based, on a 
broad cultural background. Only in this 
way can the scientist enjoy the necessary 
human fellowship with the rest of man- 
kind. But with science destined to play 
such a vit) part in molding the future of 
our civilization, it seems to me casential 
that, ina democratic community, the pub- 
lic, who ultimately should control the 
destiny of the nation, should make its own 


effort toward understanding. Too often, 
and regrettably, the average citizen is apt 
to ussociate science with magic and with 
something that gets into the headlines. 
Asia fir 
that we should start with our educational 
tem which, I think all would agr 
should not be merely an implement of yo- 
cutional trading. 
be a maker of science in order to under- 
stand its history, its content, and its sig- 
nificance, There is a recently published 
American book which has made a great 
impression on many minds in my coun- 
try. It is entitled “A State University 
Surveys the Humanities’ and consists of 
a series of essays by members of the staff 
of the University of North Carolina. 
Among the many thoughtful and thouglit- 
provoking contributions to this scholarly 
volume there is one entitled “The Bio- 
logical Science: The Sciences in the Hu- 
manitics’ by Robert FE. Coker, who is 
strongly of the opinion that the general 
cultural value of science is not sufficiently 
appreciated in universities, He deplores 
the cultural distinction which is drawn 
between the arts and the sciences and be- 
lieves ‘it arose and has: persisted in part 
from the overconfidence of some scientists 
who have proclaimed a self-sufficiency 
for science, It derives also from the 
narrowly restricted vision of those who 
would teuch the sciences as if they were 
useful only to equip individuals for earn- 
ing a livelihood or to enable mankind to 
have more gadgets and physical conforts.”” 
In another passage in the same essay Dr. 
Coker enunciates his main thesis simply 
and boldly. “The sciences,’ he claims, 
“take high rank among the humanities.” 
{ believe he is right if the sciences are 
taught as they could ba and should be. 


to step in this direction | feel 


It is not necessary to 
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